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(57) ABSTRACT

An e¢jector refrigeration circuit 1 including: a two-phase
circuit 2 including: a heat rejection heat exchanger 12
including an inlet 12a¢ and an outlet 125; and an ejector 14
including a high pressure inlet 14a, a low pressure inlet 145
and an outlet 14¢; the ejector high pressure inlet 14a 1s
coupled to the heat rejection heat exchanger outlet 1256; and
an evaporator 18 including an inlet 18a and an outlet 185;
the outlet 186 of the evaporator 18 1s coupled to the low
pressure inlet 145 of the ejector 14; and the ejector refrig-
eration circuit 1 further including a vapour quality sensor 20
positioned at the outlet 126 of the heat rejection heat
exchanger 12.
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1
EJECTOR REFRIGERATION CIRCUIT

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to European Patent Appli-
cation No. 20173193.2, filed May 6, 2020, the contents of
which are incorporated by reference herein in their entirety.

BACKGROUND

This invention 1s related to an ejector refrigeration circuit,
in particular to an ejector refrigeration circuit comprising a
sensor for measuring the vapour quality.

In a refrigeration circuit an ejector may be used as an
expansion device for the refrigerant. A typical refrigeration
circuit comprises a compressor to raise the pressure of the
refrigerant, typically in the gaseous phase. The refrigeration
circuit further comprises a heat rejection heat exchanger/
condenser for condensing the refrigerant to a liquid for 1t to
then pass through an expansion device and heat absorption
heat exchanger.

An ejector can be employed between the outlet of the
condenser and the inlet of the evaporator. Ejectors comprise
a primary high pressure 1nlet, a secondary low pressure inlet
and an outlet. When an ejector 1s used as part of a relrig-
eration circuit, the cooled refrigerant from the condenser can
enter the ejector at the high pressure inlet and 1s expanded
to a lower pressure at the outlet of the ejector.

At the outlet of the gector the refrigerant flow wall
typically be both liquid and gaseous phase. The gaseous
phase will be fed back to the compressor, while the liquid
phase 1s fed through another expansion valve and then the
evaporator. The fluid that leaves the evaporator then flows to
the low pressure inlet of the ejector. The liquid refrigerant 1s
sucked through the expansion valve and the evaporator due
to the pressure difference between the high pressure inlet and
the outlet of the egjector.

For the system to operate eflectively, this pressure differ-
ence between the hlgh pressure inlet and the outlet of the
ejector must be suflicient to draw the refrigerant flud
through the evaporator at the required pressure.

If the pressure difierence drops below a certain level, the
pressure upliit through the low pressure inlet of the ejector
will also drop, or 1n some cases reduce to zero. A reduction
in pressure uplift at the low pressure inlet results 1n a
reduction in refrigerant being drawn through the evaporator
which decreases the working efliciency of the refrigerant
circuit.

It 1s therefore desirable to ensure constant flow through
the evaporator by maintaining a required level of pressure
drop 1n the ejector.

WO 2016/1804877 discloses an ejector refrigerant circuit
comprising a compressor, heat rejection heat exchanger/
condenser, ejector circuit and evaporator. In order to ensure
a constant flow of refrigerant through the evaporator a liqud
pump 1s located between the ejector and the evaporator. The
refrigerant circuit also comprises a bypass line allowing the
refrigerant to bypass the pump when 1t 1s not required.

In operation, 11 the pressure drop 1n the ejector 1s not large
enough to cause suction of refrigerant through the evapora-
tor, the liquid pump 1s operated to increase the pressure of
fluid and mass tlow of refrigerant through the evaporator.

It the pressure drop 1n the ejector 1s suilicient for causing,
suction through the evaporator, a bypass valve 1s opened,
and the refrigerant flows directly to the evaporator, bypass-
ing the liquid pump.
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2
SUMMARY

Viewed from a first aspect, there 1s provided an ejector
refrigeration circuit comprising: a two-phase circuit includ-
ing: a heat rejection heat exchanger comprising an inlet and
an outlet, and an ejector comprising a high pressure inlet, a
low pressure inlet and an outlet, wherein the ejector high
pressure 1nlet 1s coupled to the heat rejection heat exchanger
outlet; an evaporator comprising an inlet and an outlet,
wherein the outlet of the evaporator 1s coupled to the low
pressure inlet of the ejector; and wherein the ejector refrig-
eration circuit further comprises a vapour quality sensor
positioned at the outlet of the heat rejection heat exchanger.

The ejector can operate eflectively 1n transcritical condi-
tions, however the pressure lift of the ejector 1s reduced 1n
the subcritical state. To ofiset this reduction 1n pressure lift
some prior art systems require a pump, as 1 WO 2016/
180487, can be used to maintain the required pressure once
the pressure drop falls below a certain level.

It has been found that a small amount of vapour in the
system 1n subcritical conditions can increase the pressure lift
of the ejector, without the need for a pump. Thus, a higher
vapour quality leads to increased ejector efli

iciency. How-
ever, this results in an increase in the amount of vapour
being handled by the compressors. Hence, more compres-
sors may be required 1f the vapour quality 1s 1ncreased too
much which could result 1n an overall reduction 1n working
clliciency of the refrigeration circuit.

-

The optimum amount of vapour would be the amount
suilicient to provide the increase 1n ejector pressure uplift so
a pump 1s not required, but not have a significant impact on
the operation of the compressor.

Refrigeration circuits typically use temperature and pres-
sure sensors for monitoring the refrigerant and controllmg
the high pressure circuit accordingly. However, given that
the tlow 1n the high pressure circuit of the refrigeration
circuit 1s two-phase, these sensors will not provide the
necessary information to determine vapour quality.

The above proposed circuit solves this problem by pro-
viding a vapour quality sensor at the outlet of the heat
rejection heat exchanger. The values recorded by the vapour
quality sensor can be used to control the ejector, 1n particular
the opening of the ejector, to ensure significant pressure drop
1s present to create sutlicient pressure lift at the low pressure
inlet.

By ensuring that suflicient pressure lift 1s provided, the
reirigerant flow through the expansion valves and/or the
evaporator can also be maintained at the required level
without requiring an additional pump. The ejector refrigera-
tion circuit of the first aspect may hence be without an
additional pump for maintaining ejector pressure conditions.
In some examples, the only pressure increasing devices
within the refrigeration circuit may comprise the ejector (or
multiple ejectors as discussed below) and a compressor
device of the circuit, which may be a multistage or a parallel
compression device.

(Given that a pump 1s no longer required, the refrigeration
circuit 1s simplified compared to conventional arrangements.
This 1n turn can lead to a reduction in component costs, as
well as maintenance time and costs leading to an overall
reduction 1n operating costs and improvement 1n working
clliciency.

The ejector refrigeration circuit may further comprise a
compressor with an inlet and an outlet and a flash tank
comprising an inlet, a liquid outlet and a gas outlet.

The ejector outlet may be coupled to the 1nlet of the flash

tank. The flash tank gas outlet may be coupled to the mlet of
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the compressor. The outlet of the compressor may be
coupled to the inlet of the heat rejection heat exchanger.
The ejector refrigeration circuit may further comprise an
expansion valve. The inlet of the evaporator may be coupled
to the liquid outlet to the liquid outlet of the flash tank via
the expansion valve. Including an expansion valve allows
the system to control the amount of refrigerant that 1s
released into the evaporator. This helps to ensure that the
optimum amount of liquid 1s provided to the evaporator and

only vapour leaves the evaporator. Alternatively, the inlet of
the evaporator may be coupled directly to the liquid outlet of
the flash tank. The flow through the evaporator may be
caused by the pressure uplift through the low pressure inlet
of the ejector due to the pressure drop between the high
pressure inlet and the outlet.

The vapour quality sensor may be an optical sensor, such
as a camera or a microscope. Alternatively, the vapour
quality sensor may be a dielectric sensor, such as a capaci-
tance probe. As further alternatives, the vapour quality
sensor may be a wire mesh sensor, and electrical resistance
sensor, or an electrical impedance sensor. Multiple sensor
types may optionally be included for redundancy and/or
added accuracy.

The ejector may be a variable geometry ejector with one
or more controllable parameters. The one or more control-
lable parameters may include for example high pressure
inlet diameter, low pressure inlet diameter, outlet diameter,
throat diameter, diffuser diameter, diffuser length, mixing,
chamber diameter. The one or more controllable parameters
may be adjusted to alter the capacity of the ejector.

The one or more controllable parameters may be varied
using one or more actuators and/or valves. The actuators
may be electric, such as solenoid. Alternatively, the actuators
may be pneumatic or hydraulic. The actuators may adjust the
one or more controllable parameters by moving flow con-
strictors which adjust the diameter of the inlets and outlet.
Alternatively, the throat or diffuser length may be adjusted
by the actuators. The ejector may comprise a needle valve
disposed within the inlet and a corresponding needle actua-
tor. The needle actuator may move the tip of the needle valve
into and out of the throat section to modify the diameter
accordingly.

The refrigeration circuit may comprise a plurality of
¢jectors. The number of ¢jectors depends on the level of
expansion required for the refrigerant. The level of expan-
sion required can be determined by pressure sensors and
temperature sensors, as well as the vapour quality sensors.
This may be a set output for the overall ejector refrigeration
circuit.

A plurality of ejectors may also provide one or more
redundancies. Given the location of the ejector within the
circuit, 11 1t fails the entire circuit will also fail. The ejector
refrigeration circuit may comprise one¢ or more branching
flow paths upstream of each of the inlets of each of the
plurality of ejectors. Each of the one or more branching flow
paths may divert from the high pressure circuit flow path at
a branching point. Alternatively, each of the one or more
branching flow paths may be connected directly to the outlet
of the heat rejection heat exchanger.

In the event of one of the plurality of ejectors becoming
blocked or failing by other means a valve may prevent flow
to the failed ejector and may divert it to one of the other
plurality of ejectors that 1s still operational.

This can help to ensure that the ejector refrigeration
circuit remains operational at all times.
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The plurality of ejectors may be connected 1n parallel so
that each high pressure inlet 1s connected separately to the
outlet of the heat rejection heat exchanger.

Each of the plurality of ¢jectors may be variable geometry
ejectors. Each of the plurality of ejectors may be configured
with different capacities. This will result 1in different pressure
drops, and hence different pressure uplift, across each ejec-
tor, and thus provide greater scope for modifying the oper-
ating efliciency of the ejector.

Each of the plurality of ejectors may be non-variable
ejectors. Each of the non-variable ejectors may be connected
in parallel. Each of the plurality of ejectors may be config-
ured with a separate flow valve which can control the
amount of flow to the high pressure inlet of the correspond-
ing ejector. The capacity of the plurality of ejectors may be
modified by restricting flow through the valves for one or
more of the plurality of ejectors. The use of valves and
multiple ejectors allows for the capacity to be modified with
non-variable ejectors.

Non-variable ¢jectors are advantageous as they comprise
no moving parts. Thus they are less prone to malfunctioning
and require less maintenance. However, they provide less
scope for modifying the capacity than variable geometry
ejectors. Furthermore, the capacity for a non-variable ejector
can only be adjusted through the presence of additional
ejectors, whereas the capacity of a variable geometry ejector
can easily be modified with a single ejector.

The ejector refrigeration circuit may comprise a control-
ler. The controller may receive signals from the vapour
quality sensor. The controller may control the parameters of
the variable geometry ejectors based on the signals form the
vapour quality sensor. The controller may be configured to
adjust the parameters of the variable geometry ejectors to

ensure sullicient pressure drop across the ejector to provide
suih

icient suction through the evaporator.

Alternatively, the controller may be configured to restrict
flow through one or more of the valves for the high pressure
inlets on each of the plurality of non-variable ejectors. This
can control the amount of tflow to each ejector and be used
to divert flmd away from ejectors which may have failed.
Moreover, each ejector non-variable ejector may be set up
with different parameters. Hence, the control may take
account of the expansion requirement and adjust the tflow to
cach accordingly.

A single controller may be configured to control the
parameters for each of the plurality of variable geometry
¢jectors. Alternatively, each of the plurality of variable
geometry ejectors may be controlled by a separate controller.
Each individual controller may be controlled by a central
processor. As Turther alternatives, a single controller may be
configured to control all of the valves for each of the
plurality of non-variable ejectors or a separate controllers
are configured to control each of the valves.

The ejector refrigeration system may further comprise one
or more temperature sensors and one or more pressure
sensors. In addition to the vapour quality sensor, or as an
alternative, the temperature sensors and/or pressure sensors
may provide useful information.

The controller may be configured to further receive sig-
nals from the one or more temperature sensors and the one
or more pressure sensors and modily the parameters of the
variable geometry ¢jectors based on said signals.

The controller can also control the operation of the other
components of the ejector refrigeration circuit, such as the
compressor and expansion valve. For example, the control-
ler can control the operation of the compressor based on the
signals from the pressure sensor. In particular, the compres-
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sor unit may comprise a plurality of compressors. In cir-
cumstances where high compression 1s required, all of the
plurality of compressors within the compressor unit may be
active. Alternatively, 1f only a low compression 1s required
only a small amount of the compressors may be activated.

In some cases the circuit between condenser outlet and the
ejector may be single phase, wherein only liquid 1s present.
In this case the pressure sensor and temperature sensor may
be suflicient to provide the necessary information for opti-
mising the parameters of the variable geometry ejectors. A
single phase circuit may also apply to a circuit where only
vapour 1s present.

However, as stated above, if a small amount of vapour
remains 1n the circuit after the condenser, the ejector efli-
ciency increases. Due to the presence of vapour in the
circuit, a pressure sensor and temperature sensor are not
suflicient to provide enough information and a further
vapour quality measurement 1s required.

The two phase circuit between the condenser and the
¢jector may be a high pressure circuit. The majority of the
reirigerant in the high pressure two phase circuit may be
liquad at high pressure having flown through the compressor
and the condenser.

The ejector refrigeration circuit may further comprise low
pressure, low temperature circuit comprising the evaporator.
The low temperature, low pressure circuit may further
comprise an expansion valve, which may be 1n addition to
the ejector.

The evaporator may comprise one or more fans. The fans
promote the flow of air through the evaporator to increase
the rate of heat absorption. The speed of the fans can be
controlled by the controller and may depend on the required
output for the ejector refrigeration circuit. The controller
may be the same controller used for varying the ejector, or
it may be separate controller.

The flash tank may comprise a liquid portion and a
gaseous portion. The liquid portion and the gaseous portion
may be separated by gravity. The flash tank gas outlet may
be positioned near the top of the flash tank and may feed the
compressor. The flash tank liqud outlet may be positioned
near the bottom of the tank and feed the expansion valve
and/or the evaporator.

When passing through the ejector, the resulting two-phase
mixture may expand resulting 1n a drop in pressure and
temperature. In the present system, a small amount of
vapour 1s already present 1n the high pressure circuit which
feeds 1nto the ejector. However once passing through the
gjector, a greater proportion of vapour may be present.
Sending the vapour into the evaporator, along with the low
temperature liquid refrigerant, can reduce the efliciency of
the evaporator. This 1s due to a lower contact surface area
between the liquid refrigerant and the surface of the evapo-
rator coil. By including a flash tank, the vapour and liquid
refrigerant can be separated and locating the liquid outlet,
which feeds to the evaporator, near the bottom of the tlash
tank ensures that only liquid enters the evaporator. Thus the
elliciency of the refrigeration circuit 1s improved further
through the provision of the flash tank.

The required pressure drop across the ejector to provide
suilicient uplift and suction through the evaporator may be
between 0.2 and 4 bar, optionally between 1 and 2 bar,
optionally, between 1.5 and 2 bar.

The ejector refrigeration circuit may be suitable for use
with any type of refrigerant. The ejector refrigeration circuit
may be suitable for use with carbon dioxide as the refrig-
crant. Alternative refrigerants used 1n the ejector refrigera-
tion system may include Freon, CFCs, HCFCs and HFCs.
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The type of refrigerant selected will have an eflect of the
performance of the ejector refrigeration cycle. Each refrig-
crant may also vary 1n stability and flammabaility which may
be an important consideration when selecting the refrigerant.

The gjector refrigeration circuit may be used 1n a variety
ol refrigeration applications. These may include domestic
and commercial refrigeration such as those used for storing
food and beverages in homes and shops. The ejector refrig-
eration circuit may further be used in cold storage and
industrial refrigeration. Additionally, the ejector refrigera-
tion circuit may be used for air conditioning.

Viewed from a second aspect, there 1s provided a method
of operating an ejector relrigeration circuit, the ejector
refrigeration circuit comprising: a controller; a two phase
circuit comprising a heat rejection heat exchanger compris-
ing an inlet and an outlet, and an ejector comprising a high
pressure 1nlet, a low pressure inlet and an outlet, wherein the
ejector high pressure inlet 1s coupled to the heat rejection
heat exchanger outlet; an evaporator comprising an inlet and
an outlet, wherein the outlet of the evaporator 1s coupled to
the low pressure nlet of the ejector, and a vapour quality
sensor positioned at the outlet of the heat rejection heat
exchanger, wherein the method comprises monitoring the
vapour quality 1n the two phase circuit; providing a signal to
the controller mndicative of vapour quality; and adjusting a
capacity of the ejector in response to the signals indicative
of the vapour quality 1n the two phase circuit.

The method may be used with an ejector refrigeration
circuit as discussed above in relation to the first aspect and
the circuit may include any or all of the further optional
features discussed above.

The ejector may be a variable geometry ejector. The one
or more parameters that are adjusted 1n response to the
signals indicative of vapour quality may be one or more
parameters of the variable geometry ejector.

The method may therefore comprise the step of adjusting,
one or more parameters of a vanable geometry ejector. This
can ensure that the require pressure drop 1s achieved to
ensure sullicient pressure uplift at the low pressure outlet,
and therefore suflicient suction through the evaporator.

The circuit may comprise a plurality of ejectors. The
controller may control the operation of each of the plurality
of ejectors. Alternatively, a plurality of controllers may
control individual ejectors of the plurality of ejectors.

The one or more controllers may adjust the one or more
parameters of the variable geometry ejectors through a series
of actuators. Fach actuator may move a separate part of the
ejector.

The ejector circuit may comprise a plurality of non-
variable ejectors. Each of the plurality of non-variable
ejectors may have a respective flow valve upstream of the
high pressure inlet. The method may comprise restricting
flow through one or more of the flow valves 1n response to
the signals from the vapour quality sensor.

The method may comprise using carbon dioxide as a
refrigerant. Alternatively, Freon, CFCs, HCFCs or HFCs
may be used as the refrigerant.

DRAWING DESCRIPTION

Example embodiments of the mnvention are described
below by way of example only and with reference to the
accompanying drawing.

FIG. 1 shows a schematic view of an ejector refrigeration
circuit.

DETAILED DESCRIPTION

The ejector refrigeration circuit 1 shown i FIG. 1 com-
prises a high pressure, two phase circuit 2 and a low
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pressure, low temperature circuit 3. The high pressure, two
phase circuit 2 comprises a one or more compressors 10a,
1056, 10¢ forming a compressor unit with an inlet 104 and an
outlet 10e.

The outlet 10e of the compressors 10a, 105, 10c¢ of the
compressor unit 1s fluidly connected to an mlet 12a of a heat
refection heat exchanger 12. The heat rejection heat
exchanger may also be referred to as a condenser 12. The
outlet 125 of the condenser 12 1s fluidly connected to a high
pressure inlet 14q of an ejector 14.

The ejector further comprises a low pressure inlet 1456 and
an outlet 14c. The outlet 14c¢ of the ejector 1s fludly
connected to an inlet 16a of a flash tank 16. The flash tank
16 comprises a liquid portion and a vapour portion, wherein
the liquid portion and the vapour portion are separated by
gravity due to the diflerent densities of the fluids.

The flash tank 16 further comprises a vapour outlet 165
near the top of the flash tank and a liquid outlet 16¢ near the
bottom of the flash tank 16.

The vapour outlet 165 of the flash tank 16 1s fluidly

connected to the inlet 104 of the compressor unit 10a, 105,

10c. The liqmd outlet 16¢ of the flash tank 1s fluidly
connected to the inlet 18a of an evaporator 18 via an
expansion valve 17. The outlet 1856 of the evaporator 18 1s
fluidly connected to the low pressure 1nlet 1456 of the ejector

14.

In operation a relrigerant, such as carbon dioxide, 1s
circulated through the ejector refrigeration circuit. A low
pressure vapour line 24 delivers the reifrigerant to the
compressor 18 1n gaseous form. The compressor 18
increases the pressure of the refrigerant and delivers 1t to the
condenser 12.

The condenser 12 1s configured to transier heat from the
refrigerant to the environments, reducing the temperature of
the refrigerant 1n the process. This reduction in temperature
condenses the refrigerant from a vapour to a liqud. In
conventional ejector relrigeration circuits, the refrigerant
leaving the outlet 125 of the condenser 12 1s single phase,
liquid, refrigerant. However, 1n the embodiment shown 1n
FIG. 1, the refrigerant leaving the outlet 126 of the con-

denser 12 1s two phase, liqud and vapour refrigerant. The
majority of the refrigerant 1s liquid, with a small amount of
vapour remaining.

In the ejector refrigeration circuit 1 of FIG. 1, the con-
denser comprises two fans which are configured to blow air
through the condenser to enhance heat transier from the
reirigerant to the environment. It will be appreciated that
more or less than two fans can be present.

High pressure two phase line delivers the two phase fluid
to the high pressure inlet 14a of the ejector 14 which 1s
configured to expand the refrigerant to a lower pressure
level.

In the ejector 14, the retfrigerant enters through the high
pressure 1nlet 14a and passes 1nto a convergent section. It
then passes through a throat section and then a divergent
section at the outlet 14¢ of the ejector 14. The movements
from the inlet section, through the throat and then to the
divergent section increases the tlow velocity and reduces the
pressure of the refrigerant. The pressure drop in the refrig-
crant between the inlet 14q and the outlet 14¢ of the ejector
14 draws a secondary flow through the low pressure inlet
145b.

The low pressure, two phase, refrigerant leaves the ejector
14 via the outlet 14¢ and enters the flash tank 16 through the
flash tank inlet 16a. Within the flash tank 16, the refrigerant
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1s separated due to gravity into a liquid portion in the lower
part of the flash tank 16 and a vapour portion in the upper
part of the flash tank 16.

The refrigerant in the vapour portion of the flash tank 16
leaves via the vapour outlet 165 and i1s returned to the
compressor unit 10a, 105, 10c. Meanwhile, the refrigerant in
the liquid portion leaves the flash tank 16 via the liquid
outlet 16¢ and 1s delivered to the expansion valve 17 and
then enters the evaporator 18. Depending on the level of
expansion achieved by the ejector 14, the expansion valve
17 may not be necessary. In which case a by-pass line (not
shown) can be employed.

In the evaporator 18, heat i1s transferred from the envi-
ronment to the liqud refrnigerant. This heat causes the
refrigerant to vaporise, removing heat from the environment.
The resulting refrigerant vapour leaves the evaporator 18 via
the outlet 186 and 1s delivered to the low pressure mlet 1456
of the ¢jector.

In operation, the pressure drop between the high pressure
inlet 14a and outlet 14¢ of the ejector causes the refrigerant
to be sucked from the flash tank 16 through the expansion
valve 17 and evaporator 18 to the low pressure inlet 145.
This pressure drop must therefore be maintained at a
required amount and so the efliciency of the ejector 14 must
also be maintained at an optimum level.

In conventional systems, the refrigerant in the high pres-
sure circuit 2 between the condenser 12 and the ejector 14
1s single phase, liquid, refrigerant. However, having a small
amount of vapour in the refrigerant leaving the condenser
has been shown to improve the efliciency of the ejector 14.

However, this must be balanced with the compressor
capacity as the more vapour that 1s present in the circuit, the
more work there 1s to do for the compressors. This may
result 1n more compressors being needed, which would
increase the complexity of the refrigeration circuit and
reduce the overall operating efliciency.

There 1s therefore an optimum amount of vapour, which
results 1 a suflicient increase in the ejector efliciency,
without having a significant impact on the compressor
workload.

Conventional ejector refrigerant circuits comprise pres-
sure and temperature sensors which are suflicient for single
phase tlow. However, given that the flow 1n the high pressure
circuit 2 1s two phase, pressure and temperature measure-
ments alone do not provide adequate information to control
the system accordingly.

The ejector refrigeration circuit 1 shown i FIG. 1 com-
prises a vapour quality sensor 20 at the outlet 1256 of the
condenser 12. The vapour quality sensor 20 may be an
optical sensor such as a camera or a microscope. Alternative,
the vapour quality sensor 20 may be a dielectric sensor such
as a capacitance probe.

The ejector reirigeration circuit 1 further comprises a
controller 22 configured to receive signals from the vapour
quality sensor 20. The controller may also be configured to
receive signals from the pressure and temperature sensors
(not shown 1n the FIGURE).

Based on the signals received from the vapour quality
sensor 20, the controller 22 1s configured to adjust the
capacity of the ejector 14 to maintain the optimum pressure
drop to secure the required suction through the low pressure
inlet 145 while keeping the amount of vapour to compres-
sors 10 a minimuimn.

The ejector 14 may be a variable geometry ejector com-
prising one or more actuators for adjusting one or more
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parameters of the ¢jector. The actuators are configured to be
controlled by the controller 22 based on the signals from the
vapour quality sensor.

The ejector refrigeration circuit 1 may comprise a plural-
ity of ejectors 14 depending on the required level of expan-
sion. The plurality of ejectors 14 can be connected 1n
parallel.

Each of the plurality of ejectors may be variable geometry
ejectors each with one or more actuators for adjusting one or
more parameters. The controller 22 may configure each
ejector to have the same capacity. Alternatively, the control-
ler 22 may configure each ejector 14 to have a different
capacity. A flow valve may be located upstream of the high
pressure inlet 14a of each ejector 14. The controller 22 may
be configured to restrict the flow through one or more of the
valves depending on the required capacity of the ejectors.

In an alternative arrangement, each of the plurality of
¢jectors 14 may be non-variable ejectors, each with a flow
valve upstream of the high pressure inlet 14a.

The controller 22 can be configured to restrict flow
through the one or more flow valves for each respective
ejector 14 of the plurality of ejectors 14. This method can
serve as an alternative way adjust the capacity of the ejectors
based on the signals recerved from the vapour quality sensor,
instead of using a variable geometry ejector.

The ejector refrigeration circuit 1 thus ensures optimum
pressure drop to ensure suflicient suction through the expan-
s1on valve and evaporator, without the need for a pump as 1n
conventional systems. This results in a simplified, more
compact, circuit with lower maintenance costs.

What 1s claimed 1s:

1. An ejector refrigeration circuit comprising:

a circuit configured to operate as a two-phase circuit in
use mcluding: a heat rejection heat exchanger compris-
ing an inlet and an outlet, and an ejector comprising a
high pressure inlet, a low pressure mlet and an outlet,
wherein the ejector high pressure inlet 1s coupled to the
heat rejection heat exchanger outlet, and wherein the
circuit 1s configured such that, 1n use, an amount of
vapor 1s present in the circuit between the outlet of the
heat rejection heat exchanger and the high pressure
inlet of the ejector; and

an evaporator comprising an inlet and an outlet, wherein
the outlet of the evaporator 1s coupled to the low
pressure inlet of the ejector; and

wherein the ejector refrigeration circuit further comprises
a vapor quality sensor positioned at the outlet of the
heat rejection heat exchanger;

wherein the vapor quality sensor 1s an optical sensor, a
camera, a microscope, a dielectric sensor, a capacitance
probe, a wire mesh sensor, an electrical resistance
sensor or electrical impedance sensor;

a controller configured to recerve signals from the vapor
quality sensor, wherein the controller 1s configured to
adjust the capacity of the ejector based on the received
signals to ensure that a required pressure uplift through
the low pressure inlet of the ejector 1s achieved.

2. The ejector refrigeration circuit of claim 1, wherein the

required pressure uplift at the low pressure inlet of the
ejector 1s between 1 and 2 bar.
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3. The ¢jector refrigeration circuit of claim 1, wherein the
ejector refrigeration circuit comprises a plurality of ejectors
connected 1n parallel.

4. The ejector refrigeration circuit of claim 1, wherein the
ejector 1s a variable geometry ejector with one or more
controllable parameters.

5. The ejector refrigeration circuit of claim 4, wherein the
one or more

controllable parameters are modified using one or more
actuators controlled by the controller.
6. The ejector refrigeration circuit of claim 1, wherein the
ejector 1s a non-variable ejectors each with a flow valve
upstream of the high pressure inlet.
7. The ejector refrigeration circuit of claim 6, wherein the
controller 1s configured to control the flow through the one
or more of the flow valves.
8. A method of operating an ejector refrigeration circuit,
the ejector refrigeration circuit comprising:
a controller:;
a circuit configured to operate as a two phase circuit 1n use
comprising a heat rejection heat exchanger comprising
an 1let and an outlet, and an ejector comprising a high
pressure 1inlet, a low pressure inlet and an outlet,
wherein the ejector high pressure inlet 1s coupled to the
heat rejection heat exchanger outlet, and wherein the
circuit 1s configured such that, 1n use, an amount of
vapor 1s present in the circuit between the outlet of the
heat rejection heat exchanger and the high pressure
inlet of the gjector;
an evaporator comprising an inlet and an outlet,
wherein the outlet of the evaporator 1s coupled to the
low pressure inlet of the ejector, and

a vapor quality sensor positioned at the outlet of the
heat rejection heat exchanger,

wherein the method comprises monitoring the vapor
quality in the two phase circuit;

providing a signal to the controller indicative of vapor
quality; and

the controller adjusting a capacity of the ejector 1n
response to the signals indicative of the vapor quality
in the two phase circuit to ensure that a required
pressure uplift through the low pressure 1nlet of the
ejector 1s achieved;

wherein the vapor quality sensor 1s an optical sensor, a
camera, a microscope, a dielectric sensor, a capacitance
probe, a wire mesh sensor, an electrical resistance
sensor or electrical impedance sensor.

9. The method of claim 8, wherein the ejector 1s a variable
geometry ejector with one or more controllable parameters,
wherein the controller adjusts the one or more controllable
parameters using one or more actuators to adjust the capac-
ity of the ejector.

10. The method of claim 8, wherein the ejector refrigera-
tion circuit comprises a plurality of ejectors connected in
parallel.

11. The method of claim 10, wherein each of the plurality
ol ejectors are non-variable ejectors each having a respective
flow valve positioned upstream of the high pressure inlet of
the ejector, wherein the controller controls the tlow through
the one or more flow valves to adjust the overall output of
the ejectors.
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